To compare the complications and oncological outcomes between video-endoscopic inguinal lymph node dissection (VEILND) and open ILND (OILND) in men with carcinoma of the penis.
Results
In the study period 42 patients underwent 68 ILNDs (OILND 35, VEILND 33). The patients' demographics, primary stage and grade, and indications were comparable in both groups. There were no intraoperative complications in either group. The wound complication rate was significantly lower in the VEILND group at 6% compared to 68% in the OILND group. Lymphocoele rates were similar in both the groups (27% and 20%). The VEILND group had a better or the same lymph node yield, mean number of positive lymph nodes, and lymph node density confirming oncological safety. There were no groin recurrences in either group of patients. VEILND significantly reduced the mean length of stay by 4.8 days (P < 0.001).
Introduction
In men with carcinoma of the penis it is now standard practice to consider inguinal lymph node dissection (ILND) in patients with palpable nodes, high-risk disease, and histologically confirmed inguinal lymph node metastasis [1] . Open ILND (OILND) can be life-saving but may be associated with significant morbidity, with some reports of up to 70% of patients having significant complications [2, 3] especially infection, problems in wound healing, prolonged lymph drainage, and lymphoedema of the lower limb and scrotum. Various technical modifications have been used to reduce the complication rates, which include the use of thicker skin flaps, preservation of saphenous vein, avoiding transposition of sartorius, and reduction in the field of dissection [1] . Despite these, OILND still carries a significant risk of complications [1, 2] .
Previous reports have suggested that both video-endoscopic ILNDs (VEILNDs) and robot-assisted ILNDs carry lower morbidity than OILND [3] [4] [5] . However, given the rarity of penile cancers [6] these series have invariably involved few patients. Centralisation of penile cancer services in the UK has allowed creation of larger volume centres, thus allowing better comparison of the two techniques. In the present study, we report on a large cohort comparing the outcomes of VEILND and OILND.
Patients and Methods
We are a tertiary referral centre serving a population of 3 million and patients with penile cancer are referred from nine regional urological, genito-urinary medicine and dermatology units across the region. All ILND data are collected and have been updated prospectively in an institutional database since 2008.
In patients with palpable inguinal nodes we obtain fine-needle aspiration cytology for the confirmation of diagnosis. If the nodes are positive or if they fail to resolve within 4-6 weeks, we proceed to ILND. Since 2010, patients who are at high risk of developing micro-metastatic disease (pT1G3 and T2-4 tumours) but have impalpable groin nodes undergo dynamic sentinel node biopsy (DSNB) [7, 8] . We then proceed to ILND if those biopsies are positive for metastasis.
In 2013, with support from our supranetwork multidisciplinary team and regional Cancer Group, we introduced VEILND at our institution. Starting this new technique was approved by our hospital Clinical Governance Committee, who continuously monitored our performance.
Operative Technique
For VEILND the patient is positioned supine on the table with the hip abducted and knee flexed to 100°('frog leg' position) (Fig. 1) . The femoral triangle is marked with the landmarks of the anterior superior iliac spine, pubic tubercle, sartorius and adductor muscles. A 12-mm camera port is placed just distal to the apex of the femoral triangle and a working space is created by finger dissection under Camper's fascia with a 5-mm thick skin flap. Two working ports, 12 and 5 mm, are placed above and lateral to the camera port to provide sufficient triangulation for dissection and suturing if necessary (Fig. 2) . We use CO 2 pressure of 12 mmHg, which provides adequate space distension. During the space creation the long saphenous vein presents itself in the roof, coming in medial to the camera. After its identification, space can be created avoiding the sapheno-femoral junction its tributaries and perforators. The latter can be sacrificed if they interfere with the dissection and view with no long-term consequences for patients. We use a 5-mm titanium ligaclip for vessel ligation. The space is created and expanded cranially until the inguinal ligament is identified superolaterally and the dissection is then progressed 1-2 cm above the ligament. Careful palpation between the hand and working instrument aids control of the flap thickness throughout. Once the inguinal ligament is identified the dissection of superficial lymph nodes is commenced from lateral attachment, namely the anterior superior iliac spine, to the medial end at the pubic tubercle. All the tissue between the flap and deep fascia are excised completely. Dissection is commenced at the level of the apex of the femoral triangle for deep lymph nodes and all the tissue above the deep fascia lift easily like a cake. The dissection is continued cranially until the sapheno-femoral junction is reached. The femoral artery is identified lateral to the femoral vein. Care is taken not to proceed with dissection lateral to the femoral artery to avoid injuring branches of the femoral nerve. The node packet is excised complete. At the end of the procedure the boundaries of the femoral triangle, i.e. sartorius, adductor magnus, and the inguinal ligament, are identified clearly. The thickness of the flap is assessed throughout to ensure no superficial lymph nodes are left inadvertently. The deeper boundary is a clean deep fascia with clear demarcation of the fossa ovalis. The node packet is removed in a small laparoscopic bag. A 16-F tube drain is placed through the 5-mm port and the ports are then removed after liberal water wash. The port sites are closed with 3-0 polyglactin 910 (Vicryl Rapide â , Ethicon, UK; Fig. 3 ). The patient is discharged home with the drain in situ and reviewed in outpatients the following week for wound inspection and drain removal. The drain is removed when the drainage is <50 mL/24 h. OILND is performed with the same template as VEILND with an S-shaped incision across the groin fold.
Patients were followed-up by clinical examination every 3 months in the first year and every 4 months in the second year. Groin ultrasonography is performed every 6 months for 2 years to screen for recurrence [9] .
A descriptive analysis was performed and a comparison analysis between these groups was performed using the unpaired t-test for numerical variables. The chi-squared test and Fisher's exact test were used for dichotomous and categorical variables. A P < 0.05 was considered to indicate statistical significance. SPSS version 17 was used as statistical aid software.
Results
The follow-up data were collected on 68 ILNDs (OILND 35, VEILND 33) performed in 42 patients. The mean (range) follow-up for patients undergoing OILND was 71 (30-99) months and for VEILND was 16 (4-35) months. There was no difference in patient age or the stage or grade of the primary tumour (Table 1) .
Operative details are shown in Table 2 . There were significantly more nodes removed by VEILND and the number containing tumour was also greater. The mean (range) hospital length of stay was 7.3 (3-21) days for the OILND group and 2.5 (0-14) days for the VEILND group (P < 0.001).
No patient in either group had a local recurrence of tumour in the groin. Complications (Clavien-Dindo grade ≥III) occurred in 15 of 22 patients in the OILND group (68%) but in only one of 20 patients in the VEILND group (5%, P < 0.001) (Tables 3,4).
Discussion
We have compared two cohorts of patients undergoing radical ILND for metastatic penile cancers. Our present results clearly suggest that VEILND is a safe procedure, associated with a shorter hospital stay and a decreased risk of postoperative wound complications. We believe this to be the largest reported series comparing the two procedures in patients with carcinoma of the penis. Given the morbidity associated with wound complications, we believe that the video-endoscopic technique is the procedure of choice for most patients.
Wound complications constitute one of the major morbidities of ILND. Previous publications contain considerable variability in the defining of what constitutes a wound complication and have reported such problems in 15-79% of patients [10] [11] [12] [13] [14] . Unlike any of these studies, we have collected data systematically and prospectively, so we think it inevitable that our complication rates will be higher than in Studies proposing quality standards have shown that retrieval of ≥7 nodes reflects a reliable oncological procedure [15] [16] [17] .
Our present study has in fact shown a higher lymph node yield in the VEILND group. In addition, more nodes were involved by tumour. Both these observations may be explained by the facts that since the advent of DSNB fewer node-negative patients have undergone lymph node surgery and at the same time pathologists may have improved their detection rate of micro-metastases. However, together with the absence of local groin disease recurrence it supports the hypothesis that VEILND provides adequate oncological control.
Another significant advantage of VEILND is the reduced rate of postoperative leg oedema [18] . This may be explained by the small port incisions in the thigh as opposed to groin and preservation of skin lymphatics and vasculature, thus aiding collateral lymph drainage. However, the incidences of lymphocoele are similar in both groups. Use of clips or vessel-sealing devices have not shown appreciable differences in the lymph leakage rates [19] . Further technical advances and lymph vasculature studies are needed to give more insight in to this field.
In some patients the use of DSNB results in significant scarring making endoscopic surgery more challenging. Where the scarring is significant we have waited 4-6 weeks to perform VEILND, which does not appear to have any detrimental effect on outcome. In addition, palpating the DSNB site perioperatively can considerably help in performing an endoscopic dissection that does not damage the skin.
The present study is a non-randomised case cohort study comparing two techniques performed over different time periods. Hence, there is a possibility that study populations are not comparable. However, the patient demographics and primary pathology were similar in both groups. Further, the present study is a report of consecutive series of patients with no prior case selection for either technique, which precludes any heterogeneity in the study groups.
Many incisional surgical approaches have been described for OILND and it has been suggested that the type of skin incision (vertical with skin excision or transversal) contributes to the complication rate. For example, Bertheuil et al. [20] reported that transverse incisions (S-shaped) had a low incidence of chronic lymphoedema (37% vs 26%) compared to vertical incisions, whilst wound-related complications were similar in both approaches. In another study, Stuiver et al. [21] assessed the risk factors for complications after ILND for melanoma. The influence of patient's age, incision type, sartorius transposition, saphenous vein sparing, and skin removal were examined in a series of 145 procedures. They reported a total complication rate of 72% and age was the only predictor of complications in that cohort; other previously identified risk factors were not found to be significant. By contrast, Tonouchi et al. [22] did find a higher wound infection rate with an S-shaped incision; however, this was a very small series including only eight patients. The European Association of Urology guideline committee collaborative review report a mean (range) complication rate of 31 (15-54)% [23] . In our present series, the two surgeons who performed the OILNDs both had extensive experience of the procedure and we used incisions to cut across rather than along the groin fold. Our wound complication rate of 23% is thus comparable to other published results.
A few studies have reported endoscopic ILND and have similar results with a reduced complication rate. To our knowledge there is a single retrospective study comparing endoscopic ILND and OILND for multiple tumour sites namely melanoma, testes, penis, and urethra [19] . They also reported a recurrence rate of 7.7% in the open and 6.6% in the endoscopic groups. In that study, both the procedures were performed in the same period and a selection bias towards the endoscopic group was acknowledged. However, our present study has a larger number of procedures only from patients with penile cancer. As we have performed OILND and VEILND in a sequential consecutive number of patients selection bias has been avoided. Our duration of follow-up was also longer with mean of 71 months (compared to 55 months in the Schwentner et al. [19] study) and 0% recurrence rate.
Conclusion
We have shown that VEILND provides both adequate oncological control and carries a significantly lower morbidity than OILND. Hence, it could be considered as a standard treatment option for all patients requiring inguinal lymph node removal (except for large fungating tumours) when surgical expertise is available. Further basic and clinical studies are also needed to gain insight in to mechanisms to prevent lymph leakage.
